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To describe large growth in accident, traffic accident data must be discussed 
in relation to traffic congestion dat.a. To obtain accident. involvement rates, 
congestion-risk function is proposed. For practical example, new t.echnique of 
congestion-risk curve is discussed for prefectures in Japan. 
1. Introduction 
In Japan,one million persons were either killed or injured in 
traffic accident in 1970. And after that number of the dead and 
injured are on the decrease. Neverthless, in prefectures where 
traffic congestions are not relatively heavy,there has been large 
growth in accident.For describing this condition,the traffic acci-
dent data must be discussed in relation to traffic congestion data. 
Generally speaking,the studies on traffic accident analysis 
are focused on international comparison by the papers written by 
Smeed(l),j.j Leeming(2). As for important factor influencing 
traffic accident D.Srour(3)found travel mileages in addition to 
population and car ownership. In the study when level of mortari-
zation reaches saturation condition, then the death rate from tra-
ffic accident become steady. In addition, in their studies com-
parison with Smeed's regression curve are taken account. Common 
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features are that relation between traffic accident rates and the 
level of mortarizastion are discussed and unit of studies area is 
national scale. 
The aim of this study is to analyes accident imvolevement rate 
1n relation to road traffic congestion. To obtain such accident 
involevement rates, congestion-risk function is proposed and devised. 
For this purpose a data collection and analysis have been 
carried out for practical example. In this study, study area is pre-
fectures in Japan and new technique of congestion-risk curve is 
discussed. 
2. Congestion-Risk Curve 
It is said that increase of traffic accident depends on the con-
ditions of traffic volume. Now,we hypothesize that the dead and 
injured accident will decrease as high traffic volume because of 
restrict of free rtaffic condition. This is similar to the motion 
of a molecule in the box. In this case,a trivial accident that 
causes no casualities must be increased in relation to increase of 
traffic volume because of increased chances of each encounter. 
This study is based on hypothesis that the dead and injured acci-
dent reaches the maximun and decreases as increase of traffic con-
gestion. 
Accident involvement rates are defined as the dead and injured 
in accident per population. Congestion rates are definded as 
number of vehicles per area of roads. There rates are calculated 
for each zone. There relations are expressed as follows; 
(1) 
Here 
R i Accident involvement rates for zone 
K i Congestion rate for zone i 
A i Number of killed or injured In traffic accident 
Pi Population for zone 
Q i Traffic volume for zone 
D i Road area for zone 
Now, it is supposed that degree of freedom of traffic flow dec-
rease as increasing of congestion. So, degree of freedom is 
R 
defined as follows. 
F ak + b (2) 
It is supposed that small change of risk rate depends on small 
change of congestion and degree of freedom. 
dR FdK (ak + h)dK (3) 
In phisical terms, this relationship is similar for average free 
process. 
The integrated form of equation (3) is as follows: 
R a/2 X K2 + bk + c (4) 
Equation (2) and (4) are shown in Fig-l and Fig-2 respectively. 
If b in Fig-l is constant, risk rates at peak value become larger 
linealy as slope of F function becomes greater. But in Fig-2, 
R 
R2 =yK+bK+C 
\ 
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Fig-l Congestion-Risk Curve Fig-2 Congestion-Risk Curve 
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these change is hyparabolic. From equation (4) trajectory of 
peak-values are, 
Kp = -b/a and 
R p a/2 X K p2 + bK p + c 
(-b Z + 2ac)/2a (5) 
Here c=O, 
R p - b2 /2a 
Where R p is propotional to b2 and unpropotional to a. From this 
relationship,relation between F and K depends OIl a and b. So if a 
and b can be determined by index of population density or land use, 
evaluation of risk rates become possible. 
3. PRACTICAL EXAMPLE 
Data in this peper derived from 46 prefectures. Data used in 
this analysis are gained from atatistics over a period 1965 to 1974. 
R p and K p wh ich are necessary to calculate congestion-risk curve 
are calculated. 
Congestion-Risk curve for 46 prefectures are calculated in 
Table-l and fig-3. It is concluded that in Hokkaido, F-value are 
amalest because of its large undeveloped area. But the rest has 
high goodress of fit. Next we calculate peak congestion Kpand 
peak risk Rpwhich are obtained easily using the greatest value of 
the quadratic equationed. However in the calculation of Kp and Rp ' 
Hokkaido and Kanazawa excluded because of its lowest F-value. 
4. CONCLUSTION 
The results of the analysis clearly demonstrate the this approach 
for traffic accident analysis is avairable. 
The conclusion of study area summarized as follow; 
l. Congestion-risk curve is expressed as the quadratic equation. 
2. The peak-value of congestion and risk curve are distributed within 
the wide range. 
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Table-l Congestion-Risk Function 
F R K R 
1 Hokkaido 0.13 O. 25 
2 Aomori-ken 5.32 0.85 16.40 72.64 
3 Twate·-ken 29.53 0.97 13.34 64.17 
4 Miyagi-ken 12.26 O. 93 23.17 67.95 
5 Ak ita-ken 6.86 0.88 15.21 63.96 
6 Yamaga ta -I<en 3.54 0.80 20.00 60.80 
7 Fukushima-ken 4.37 0.83 17.18 95. 71 
8 T barak i-ken 16. 11 0.94 22.17 91.02 
9 Tochigi-ken 11.69 0.92 22.42 113.10 
10 Gunma-ken 15.13 O. 94 24.32 96. 11 
11 Saitama-ken 20.58 0.95 21. 31 85.66 
12 Chiba-ken 76.30 0.99 16. 11 82.02 
13 Tokyo-to 2.51 0.75 43.40 74.89 
14 Kanagawa-ken 0.57 0.47 
15 Ni igata ken 10.50 O. 92 19.29 76.35 
16 Toyama ken 11. 43 0.94 18.33 82.43 
17 Ishikawa ken 1472.23 0.99 20.72 114.65 
18 Fukui ken 1. 17 0.61 18.92 114.30 
19 Yamanashi ken 14.90 0.94 30. 79 117.68 
20 Nagano-ken 22.66 0.96 29.53 72.99 
21 Gifu-ken 22.56 0.96 29.26 103. 51 
22 Shizuoka-ken 10.51 0.91 29.10 114.53 
23 Aichiken 13.71 0.93 25.86 103.27 
24 Mieken 6.96 0.88 29.63 93.44 
25 Shiga-ken 25.18 0.96 22.55 130.40 
26 Kyoto-fu 448.59 0.99 31. 67 161. 46 
27 Osaka fu 1. 06 0.59 45.96 101. 32 
28 Hyogo ken 122.97 0.99 27. 78 119.22 
29 Nara ken 1. 75 0.68 35.38 84.31 
~O Wakayama ken 7. 18 0.88 38.64 132.32 
~1 Tottori-ken 12.96 0.93 19.63 132.23 
~2 Shimane-ken 39.61 0.98 23. 19 73.99 
33 Okayama-ken 11. 96 0.93 33.00 108.95 
~4 Hiroshima ken 8.86 0.90 33.35 149. 19 
~5 Yamagichi ken 15.85 0.94 21. 76 94.36 
~6 Tokushima-ken 6.41 0.87 35.01 111. 05 
37 Kagawa ken 2.97 0.77 31. 72 110.40 
~8 Ehimeken 44.92 O. 98 43.48 73.58 
~9 Koch i -·ken 1. 03 O. 58 35.00 108.50 
~O Fukuoka ken 16.74 0.95 31. 75 131. 75 
41 Saga ken 9.95 0.91 25.21 126.65 
42 Nagasaki-ken 28.16 0.97 26.20 67.41 
43 Kumamoto ken 19.80 O. 96 31. 60 95.51 
44 Oita ken 22.93 0.96 27.36 100.34 
45 Miyazaki-ken 19.32 0.95 20.26 80. 76 
~6 Kagoshima-ken 6.40 0.87 17.73 81. 78 
90 
o 
o 
o 
a 
o 
.. 
a 
a 
a 
H 
g 
a+-~--.--r~r-'-~--~.-~--~~--~~~--~~--r--r--r--r~--'-~--' 
o.ao '.00 10.00 ",DO ZO.OO %'.00 10.DO 1'.00 40.00 4'.00 '0.00 ",DO g).00 
&L. 
o 
o 
°0 
D 
W' 
:;,0 
oJ-
(t 
> 
wg 
x· ~~ 
0 
a 
D 
.. 
a 
a 
o 
H 
THE VRLUE Of CONGEST10H 
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